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Introduction
Concrete is one of the most widely used construction materials in the world, well known for its
high compressive strength and large range of applications. When coupled with a reinforcing material,
such as steel, concrete’s potential as a structural material far surpasses any alternatives. However,
standard concrete mixes have poor insulating abilities, and a structure designed for human
occupation must typically employ other materials to maintain the comfort of its inhabitants. While this
is often a viable option, improving the thermal properties of the concrete itself has been an area of
growing research.
This project investigated the mechanical limitations of introducing two types of thermalproperty enhancers: Microencapsulated phase change materials and fly-ash cenospheres.

Liquid

The PCM samples, prepared for mechanical testing by
marking with black guide-lines for the extensometer
pins (above), show clear losses in elasticity as the
inclusion percentage increases (right).

of PCM as the inclusion percentage increases. Note that the PCM slurry had lower Young’s Modulus
across the board, and that the data obtained was significantly less stable then that from the PCM
powder, as indicated by the large number of yellow and red plot points, signifying poor quality
extensometer results.

Phase Transition

Solid

A PCM’s latent heat is its capacity to absorb
energy during a phase transition, during which
time the temperature remains constant.

Scanning electron microscope (SEM)
image of fly-ash cenospheres.

Phase change materials (PCMs) act as thermal insulators by providing a temperature
buffering effect, holding at a steady transition temperature while the material changes between
phases. By microencapsulating the PCM and incorporating it into a concrete mixture, the passive
heating and cooling effects can be relayed to the composite as a whole.
Fly-ash cenospheres, a silica and alumina based byproduct of coal combustion, act to reduce
the weight and thermal conductivity of concrete by increasing the amount of pockets within the
concrete that are filled with air. While it is known that both of these methods would improve the
thermal properties of a concrete mixture, the extent to which they influence the mechanical
properties must be understood as well, so as to avoid sacrificing concrete’s inherent structural
advantage.

Goals and Predictions

Microencapsulated PCMs are available commercially in two forms: As a dry powder or a liquid
slurry. As seen below, individual capsules in the powder form of the PCM tend to bind together into
large agglomerates, while the capsules in the slurry form are uniformly dispersed in a water-based
solution. Our goal for the PCM portion of this project was to determine which of these two forms
would provide superior mechanical and thermal properties in the resulting concrete mixtures.

SEM images of the microencapsulated PCM as both a slurry (left) and powder (right).

Because the powder form of the PCM contains such large clusters, we anticipated the
resulting cement samples to have inferior mechanical properties, as breaking apart the agglomerates
was expected to be easer then breaking the bonds between individual capsules and the surrounding
cement matrix.
For the second portion of this project, our objective was to briefly investigate the effects of high
temperature exposure on mixtures containing three different types of cenospheres, to determine
whether the heating of the cenospheres within the matrix would contribute any additional losses to
the mechanical strength of the material, as compared with a control sample.

Materials and Sample Fabrication
The samples for the PCM portion of the project were made with water, silica sand, Portland
cement, and Micronal® DS5038X (powder) or DS5037X (slurry) microencapsulated PCMs. A 1:1
cement-sand ratio was used, along with a 0.4:1 water-cement ratio, and a PCM for sand volume
replacement of 15, 30, and 45 percent. A moisture content test was used to determine the mass
ratio of water within the PCM slurry, so that the amount of additional water to be added could be
adjusted accordingly. Because the amount of additional water needed for each slurry sample was
so low, a water reducing admixture was used to increase the workability of the mixes so that they
could still be poured into the cylindrical molds.
A total of thirty-two 2”x4” cylinders were cast, four of each sample type, and allowed to cure
for four days, after which they were removed from their molds and placed into a water bath for
further hydration. After eighteen days in the water bath, the cylinders were removed and cut to
uniform size, then set to dry for four days in an oven at 40°C.
The exact composition of the cenosphere samples is unknown. The four samples selected,
which contained 30 percent inclusion by volume of CenoStar ES106, ES160, and ES200/600, were
chosen from a set of surplus samples made for a previous experiment. While the values are
unknown, the water-cement and cement-sand ratios were constant across all four.

Testing and Results
The PCM samples were tested by loading them to 2000 lbs on a MTS machine while an
extensometer recorded the resulting strain on both sides of the cylinder. The subsequent data was
processed in an Excel spreadsheet, with the Young’s Modulus being calculated as the slope of the
linear region of elastic deformation. It is evident that the Young’s Modulus decreases for both forms

Extensometer data from a 15% dry powder sample (left), showing a tight pair of linear stress-strain
curves; and a 45% slurry sample (right), with non linear and dissimilar stress strain curves.

While it could be a reasonable explanation to say that the nature of PCM slurry itself disrupted
the samples’ stability under stress enough to warrant the poor quality data, another likely possibility
is that the slurry contained some additives designed to keep the microcapsules from
conglomerating. We had originally assumed the slurry to have only consisted of water and
microcapsules, but it is entirely possible that the manufacturer could have added an anticonglomerating component to the solution. Such a component, depending on its chemical nature,
could cause unexpected problems during the chemical curing process of the cement binder.

The concrete samples containing cenospheres were heated in a furnace for 8 hours at 500°C
and 750°C, with the Young’s Modulus tested after each. As shown below, each of the three
cenosphere types matches closely to the relative decrease in Young’s Modulus for the reference
sample. This seems to indicate that the none of the cenospheres had any significant effect on the
concrete degradation of the mortar’s integrity beyond those losses that would be expected in normal
cases.

Cenosphere samples set in the furnace for heating (above),
and the resulting Young’s Modulus data the cenosphere
samples after no heat, 500°C, and 750°C (right).

Future Study
Work is ongoing for both portions of this project. A new slurry of the PCM microcapsules can
be made using the powder form, by breaking up the agglomerates and dispersing the microcapsules
into a carefully controlled water solution. A proof of concept test using heat mixing, shown below,
exhibits considerable promise. An ultrasonicator could be used to further break apart the
agglomerates, creating a slurry that could be accurately compared to the powder form.
Further investigation into the nature of the effects of cenospheres on the mortar samples after
high temperature exposure could be supplemented by a look into possible phase changes that could
occur in the cenospheres, through the use of x-ray diffraction.

Preparing cenospheres samples for XRD as part of
a collaboration with Dr. Yu Lei's lab at CME.

Powder PCM after heating in water, showing clear
breakup some agglomerates.
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